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SYSTEM, TEST CHAMBER, AND METHOD
FOR RESPONSE TIME MEASUREMENT OF
A PRESSURE SENSOR

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to pressure sen-
sors. More specifically, the present nvention relates to

testing a pressure sensor using a pressure stimulus pulse to
measure the response time of the pressure sensor.

BACKGROUND OF THE INVENTION

Microelectromechanical systems (MEMS) pressure sen-
sors are used for control and monitoring 1n a wide variety of
industrial and consumer applications. Some pressure sensors
are designed to capture very high speed changes 1n pressure.
Emerging markets for such pressure sensors include, for
example, side airbag automotive applications. In such a
safety critical application, these pressure sensors need to be
tested 1n order to verily proper functionality of the pressure
sensors and to verily that their parameters fall within the
design specification. More particularly, for pressure sensors
that are designed to capture high speed changes in pressure,
there 1s a need to measure the MEMS pressure sensor
response time.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures 1n which like reference numer-
als retfer to 1dentical or functionally similar elements
throughout the separate views, the figures are not necessarily
drawn to scale, and which together with the detailed descrip-
tion below are incorporated 1 and form part of the speci-
fication, serve to further illustrate various embodiments and
to explain various principles and advantages all 1n accor-
dance with the present invention.

FIG. 1 a block diagram of a system for testing a micro-
clectromechanical system (MEMS) pressure sensor;

FIG. 2 shows a partial perspective view of the system of
FIG. 1 1n a test mode;

FIG. 3 shows an exploded perspective view of a test
chamber of the system of FIG. 1;

FIG. 4 shows another exploded perspective view of the
test chamber;

FIG. 5 shows a perspective view of the test chamber along
section lines A-A of FIG. 2

FIG. 6 shows a side view of the test chamber along section
lines A-A of FIG. 2;

FIG. 7 shows a simplified partial side view of the test
chamber mounted 1n an oven;

FIG. 8 shows a flowchart of a MEMS pressure sensor test
process; and

FIG. 9 shows a chart representing an example test result
produced by utilizing the system of FIG. 1 and executing the
MEMS pressure sensor test process of FIG. 8.

DETAILED DESCRIPTION

In overview, embodiments disclosed herein entail a sys-
tem, a test chamber used within the system, and a method of
testing microelectromechanical systems (MEMS) pressure
sensors using the system and test chamber. More particu-
larly, various inventive concepts and principles embodied 1n
the system and method enable response time measurement
for pressure sensors that are designed to capture rapid
changes 1n pressure, such as in side airbag automotive
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applications. Further, the system and method may be imple-
mented 1n a laboratory configuration 1n the evaluation phase
of pressure sensor development and/or 1 a production
environment during final testing.

The 1nstant disclosure 1s provided to further explain in an
enabling fashion the best modes, at the time of the applica-
tion, of making and using various embodiments in accor-
dance with the present invention. The disclosure 1s further
offered to enhance an understanding and appreciation for the
inventive principles and advantages thereof, rather than to
limit 1n any manner the invention. The invention 1s defined
solely by the appended claims including any amendments
made during the pendency of this application and all equiva-
lents of those claims as 1ssued.

It should be understood that the use of relational terms, 1f
any, such as first and second, top and bottom, and the like are
used solely to distinguish one from another entity or action
without necessarily requiring or implying any actual such
relationship or order between such entities or actions.

Reterring to FIG. 1, FIG. 1 shows a block diagram of a

system 20 for testing a device under test, e.g., a microelec-
tromechanical system (MEMS) pressure sensor 22. System
20 generally includes a pressure controller 24, a processor
25, a first air tank 26, a second air tank 28, a switch
mechanism 30, and a test chamber 32. As will be discussed
in significantly greater detail below, test chamber 32 1is
configured to house pressure sensor 22 and, 1n some embodi-
ments, a control pressure sensor 34 within a cavity 36 of test
chamber 32. Test chamber 32 may further include a tem-
perature sensor 38, as will be discussed below.

Switch mechanism 30 has a first switch input 40 inter-
connected with an outlet orifice 42 of first air tank 26 via a
first hose 44. Switch mechanism 30 also has a second switch
input 46 interconnected with an outlet orifice 48 of second
air tank 28 via a second hose 50. Test chamber 32 has a port
52 extending into cavity 36 and configured for connection
with another hose, referred to herein as a pressure line 54.
Pressure line 54, in turn, 1s interconnected with a switch
output 56 of switch mechanism 30. Pressure controller 24 1s
in communication with each of first and second air tanks 26,
28 for providing clean dry air to each of air tanks 26, 28.
Pressure controller 24 can be a dual pressure controller
capable of independently regulating the pressure 1n each of
first and second air tanks 26, 28. Thus, air tanks 26, 28 act
1s an “infinite source” of clean dry air at different regulated
pressures.

Processor 25 may be 1n electrical communication with
switch mechanism 30 via, by way of example, a control
signal line 58. In addition, processor 23 may be 1n electrical
communication with pressure controller 24 via, for example,
an mstrument interface cable. Processor 25 1s configured to
execute a test program 60 for testing pressure sensor 22.
Processor 25 may include any suitable combination of
hardware and/or software for executing test program 60,
commanding pressure controller 24 to pressurized air tanks
26, 28, controlling activation of switch mechanism 30,
recording and evaluating pressure sensor output data (e.g.,
from pressure sensor 22, control pressure sensor 34, tem-
perature sensor 38), and the like.

As will discussed in connection with test methodology
below, test program 60 may be suitably executed to control
activation of switch mechanism 30 via, by way of example,
control signal line 58. Thus, switch mechanism 30 may be
activated to enable an air path from {first air tank 26 through
switch output 36, pressure line 54, and port 52 and into
cavity 36. Alternatively, switch mechanism 30 may be
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activated to enable an air path from second air tank 28
through switch output 56, pressure line 54, and port 52 and
into cavity 36.

Those skilled in the art will appreciate that first and
second hoses 44, 50 and pressure line 54 are hollow tubes
that may be formed of copper, nylon, polyurethane, poly-
cthylene, synthetic or natural rubber, or any other suitable
material. Further, a wide variety of connectors, or fasteners,
may be implemented to suitably interconnect hoses 44, 50
and pressure line 54 to their respective elements.

In accordance with an embodiment, switch mechanism 30
1s a high speed switch that 1s configured to switch between
first and second switch inputs 40, 46 at a speed that 1s no
greater than two milliseconds. The rapid switching capabil-
ity of switch mechanism 30 combined with structural fea-
tures of test chamber 32 (discussed below) yields a pressure
stimulus, represented by downwardly directed dotted arrows
62, in the form of a step or pulse that 1s produced and
subsequently detected by pressure sensor 22 1n less than, for
example, ten milliseconds. Although downwardly directed
dotted arrows are shown, indicating a positive (1.e., increas-
ing) pressure stimulus 62, the airflow may be bidirectional.
By way of example, a vacuum can be applied to one of air
tanks 26, 28 and an atmospheric or above atmospheric air
pressure can be applied to the other air tank 26, 28.

In response to pressure stimulus 62, MEMS pressure
sensor 22 produces a test pressure output signal 64, labeled
TP, In addition, control pressure sensor 34 produces a
control pressure output signal 66, labeled CP,,~ Test
pressure output signal 64 and control pressure output signal
66 may be recorded, along with a current temperature 68,
labeled TEMP,,, of cavity 36 provided by temperature
sensor 38. Signals 64, 66 can be evaluated to vield a
response time measurement for pressure sensor 22 at a given
temperature 68. Accordingly, test system 20 that includes
test chamber 32 can be mmplemented to determine the
response time of the device under test, e.g., MEMS pressure
sensor 22, to a rapid change 1n pressure referred to as a
pulsed or stepped pressure stimulus 62.

An accurate measurement of the response time of a
pressure sensor may be critical in characterizing the
response time of a particular pressure sensor for use 1 an
application 1n which rapid changes in pressure need to be
detected. By way of example, one emerging market for
pressure sensors that are designed to capture rapid changes
in pressure includes side impact airbag automotive applica-
tions. A side impact airbag 1s designed to inflate between the
occupant’s seat and the door 1n order to reduce the risk of
ijury to the pelvic and lower abdomen regions and/or to
reduce injury and ejection from the vehicle i rollover
crashes. Airbags 1n a vehicle are controlled by an airbag
controller executing an algorithm that monitors a number of
related sensors within the vehicle (e.g., accelerometers,
impact sensors, pressure sensors, wheel speed sensors, gyro-
scopes, brake pressure sensors, seat occupancy sensors, and
the like).

The signals from the various sensors, including the pres-
sure sensors, are processed by the airbag controller algo-
rithm to determine the angle of 1impact and the severity or
force of the crash, along with other vanables. Depending on
the result of these calculations, the airbag controller may
trigger the 1gnition of a gas generator propellant to rapidly
inflate one or more airbags. An airbag must intlate quickly
in order to be fully inflated by the time occupant reaches 1ts
outer surface. Accordingly, 1n a frontal crash the decision to
deploy an airbag may be made within 15 to 30 milliseconds
after onset of the crash. However, for a side crash or rollover
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4

calling for side airbag deployment, some more stringent
design requirements are calling for the decision to deploy a
side impact airbag within ten milliseconds after onset of the
crash. It 1s projected that an airbag controller may take
approximately five microseconds to make a determination as
to whether to trigger inflation of a side impact airbag.
Therefore, design specifications are calling for pressure
sensors 1n side impact airbag applications to detect and
output a pressure signal in less than ten milliseconds, and
more particularly, in less than three milliseconds. Accord-
ingly, stringent pressure sensor response time measurement
testing calls for the test system to produce and record a
pressure signal (in the form of a step or pulsed change in
pressure) laster than, for example, three milliseconds.

In system 20, the propagation speed and settle time of
pressure stimulus 62 1s determined by the activation time of
switch mechanism 30 (e.g., less than two milliseconds), the
length of first and second hoses 44, 50 and pressure line 54,
the volume of cavity 36, the shape of cavity 36, and the
change 1n pressure between the first and second air tanks 26,
28 that 1s being applied. Accordingly, system 20 can be
adapted to measure relative and/or absolute pressure sensor
response time in the laboratory during characterization and/
or at final test 1n a production setting.

FIG. 2 shows a partial perspective view of system 20 1n
a test mode 1n, for example, a laboratory setting. FIG. 2
shows first and second air tanks 26, 28 interconnected with
switch mechanism 30 via the respective air hoses 44, 46.
Additionally, FIG. 2 shows test chamber 32 interconnected
with switch mechanism 30 via pressure line 54. The partial
perspective view ol FIG. 2 1s provided in particular to
illustrate an example of test chamber 32 as being a generally
cylindrical configuration. In other embodiments, the exterior
surface of test chamber 32 may be a different shape than that
which 1s shown.

Referring now to FIG. 3, FIG. 3 shows an exploded
perspective view of test chamber 32 of system 20 (FIG. 1).
Test chamber 32 generally includes a housing 70, a base 72,
a mounting fixture 74, and a cap member 76. In some
embodiments, test chamber 32 further includes mounting
hardware 78, in the form of a tubular portion 79 and a
fastener 81, which will be discussed in connection with FIG.
7. Housing 70 has a first end 80 and a second end 82. Base
72 1includes a pedestal member 84 and an external flange 86
encircling pedestal member 84. Pedestal member 84 1s si1zed
to reside within housing 70 with external flange 86 abutting
first end 80 of housing 70. Cap member 76 has a body 88 and
an external flange 90 encircling body 88. Body 88 1s also
sized to reside within housing 70 with external flange 90
abutting second end 82 of housing 70.

A portion of pressure line 34 1s shown extending from cap
76. As mentioned previously, pressure line 54 1s configured
to connect with port 52 (FIG. 1), which 1s not visible in FIG.
3. It should be understood that pressure line 34 can be
formed from one or more hollow tubes. For example, a
single pressure line 34 may be connected between port 52
and switch output 56 (FIG. 1) of switch mechanism 30 (FIG.
1). Alternatively, the portion of pressure line 54 shown 1n
FIG. 3 may be a separate tube from the portion of pressure
line 54 shown in FIG. 2. These separate tubes may be
interconnected with fasteners to form a sealed air path
between switch output 56 and port 52.

Referring now to FIGS. 3 and 4, FIG. 4 shows another
exploded perspective view of test chamber 32 including
housing 70, base 72, mounting fixture 74, cap member 76,
and pressure line 54. When test chamber 32 1s assembled,
mounting fixture 74 1s interposed between pedestal member
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84 of base 72 and body 88 of cap member 76. Mounting
fixture 74 1s used to retain MEMS pressure sensor 22,
control pressure sensor 34, and temperature sensor 38 (FIG.
1) within test chamber 32.

Additional features of test chamber 32 utilized to retain >
MEMS pressure sensor 22 include an input/output (I/0)
structure 92 configured to be secured within mounting
fixture 74 proximate a first external surface 94 of mounting
fixture 74, a connection structure 96 (best seen in FIG. 3)
secured within mounting fixture 74 proximate a second
external surface 98 of mounting fixture 74, and electrically
conductive pin elements 100 extending through mounting
fixture 74 and configured to interconnect I/O structure 92
and connection structure 96 for providing power to and data
from pressure sensor 22, control pressure sensor 34, and/or
temperature sensor 38. O-rings 102, 104 may be utilized to
provide suitable sealing between the various components
when test chamber 32 1s assembled.

Body 88 of cap element 76 has a domed inner surtace 106 »q
that defines cavity 36. The term “domed” 1s utilized to
describe a configuration 1n which inner surface 106 of body
88 1s concave to yield a somewhat curved or dome-shaped
inner surface 106. Port 52 1s approximately centered at an
apex 108 of domed 1nner surface 106. In general, connection 25
structure 96 1s configured to retain MEMS pressure sensor
22 within cavity 36. Additionally, an orifice 110 extends
through mounting fixture 74 between first and second exter-
nal surfaces 94, 98. Control pressure sensor 34 1s iserted
through orifice 110 so that a sense element of control 30
pressure sensor 34 also resides within cavity 36. Thus, in the
perspective view of FIG. 4, cavity 36 also has an elongated
pear or tear-like shape so that both MEMS pressure sensor
22 and control pressure sensor 34 can both reside within
cavity 36 while keeping the volume of cavity 36 as small as 35
possible. Various other openings extend through housing 70,
base 72, mounting fixture 74, and cap member 76 that are
utilizing as screw or fastener receptacles during the assem-
bly of test chamber 32.

Referring to FIGS. 5 and 6, FIG. 5 shows a perspective 40
view of test chamber 32 along section lines A-A of FIG. 2,
and FIG. 6 shows a side view of test chamber 32 along
section lines A-A of FIG. 2. Both of FIGS. 5 and 6 show test
chamber 1n an assembled form. Thus, pedestal member 84 of
base 72 resides 1n housing 70 with external flange 86 45
abutting first end 80 of housing 70. Likewise, body 88 of cap
member 76 resides in housing 70 with external flange 90
abutting second end 82 of housing 70. Further, mounting
fixture 74 1s interposed between pedestal member 84 of base
72 and body 88 of cap member 76. More particularly, first 50
external surface 94 of mounting fixture 74 1s 1n contact with
and coupled to pedestal member 84 of base 72 and second
external surface 98 of mounting fixture 74 1s 1n contact with
and coupled to body 88 of cap member 76. I/O structure 92

1s secured within mounting f{ixture 74 proximate first exter- 55
nal surface 94 and connection structure 96 1s secured within
mounting fixture 74 proximate second external surface 98.
Temperature sensor 38 1s interposed between I/0 structure
92 and connection structure 96. Thus, temperature sensor 38
outputs current temperature 68 (FIG. 1), which 1s indicative 60
of an air temperature currently being experienced by MEMS
pressure sensor 22. Additionally, electrically conductive
pins 100 are iterposed between /O structure 92 and con-
nection structure 96. Electrically conductive pins 100 extend
through mounting fixture 74 to interconnect I/O structure 92 65
with connection structure 96 and thereby provide power to
and data from MEMS pressure sensor 22.
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In an embodiment, connection structure 96 may be a
printed circuit board having a front side socket in which
MEMS pressure sensor 22 may be retained. The printed
circuit board may have electrically conductive traces extend-
ing through 1t that are suitably connected with electrically
conductive pads on the back side of the printed circuit board
connection structure 96. I/O structure 92 may also be a
printed circuit board or any other material that electrically
routes signals from its front side to 1ts back side.

In some configurations, electrically conductive pins 100
may be pogo pins that establish a connection between 1/0
structure 92 and connection structure 96. A pogo pin typi-
cally takes the form of a slender cylinder containing two
sharp, spring-loaded pins. Pressed between two electronic
circuit boards, such as corresponding pads on I/O structure
92 and connection structure 96, the sharp points at each end
ol the pogo pin make secure contacts with the corresponding
pads on I/O structure 92 and connection structure 96 and
thereby electrically connect them together.

Thus, when test chamber 32 1s assembled, conductive pins
100 electrically connect the conductive pads on the back
side of connection structure 96 with conductive pads on the
front side of 1/0 structure 92. The electrical routing through
I/O structure 92 enables mput (e.g., for power mput) and/or
output (e.g., for data output) on the back side of I/O structure
92. A wire harness (not shown) may be coupled to the back
side of I/O structure 92 and extend through and exit out of
base 72 to enable the communication of power and data. One
example structural configuration for retaining MEMS pres-
sure sensor 22 on pedestal member 84 of base 72 within
mounting fixture 74 1s described herein. However, those
skilled 1n the art will recogmize that mounting fixture 74, 1/O
structure 92, connection structure 96, and conductive pins
100 can have a great variety of forms and configurations that
cnable retention of MEMS pressure sensor 22 on pedestal
member 84.

As further shown 1n FIG. 6, control pressure sensor 34 1s
mounted 1n mounting fixture 74 within pedestal member 84
of base 72. In some embodiments, control pressure sensor 34
may be a calibrated ballistic pressure sensor having a
piezoresistive sense element that 1s capable of detecting high
pressures and having suitable response time characteristics.
However, other pressure sensors may be implemented for
control pressure sensor 34.

A sense element of control pressure sensor 34 1s posi-
tioned adjacent to and generally 1n the same plane with a
mounting location 114 of MEMS pressure sensor 22. Fur-
ther, the device under test, 1.e., MEMS pressure sensor 22,
and control pressure sensor 34 are located within cavity 36,
and cavity 36 1s configured to having minimal volume. As
such, both of MEMS pressure sensor 22 and control pressure
sensor 34 are generally subject to the same pressure stimulus
62.

Again, the propagation speed and settle time of pressure
stimulus 62 1s determined 1n part by the activation time of
switch mechanism 30 (FIG. 1), the length of hoses 44, 50
(FIG. 1), the length of pressure line 54, and the change 1n air
pressure being applied. The propagation speed and settle
time ol pressure stimulus 62 i1s further determined by the
volume of cavity 36 and the shape of cavity 36. Connection
structure 96 1s configured to retain a single pressure sensor
22 to mimimize the volume of cavity 36. The length of hoses
44, 50 and the length of pressure line 34 have a minimized
length to minmimize the delay of pressure stimulus 62.
Additionally, the domed inner surface 106 of cavity 36
reduces rebounds, or ringing, of pressure stimulus 62, and
port 52 1s centered at the apex 108 of cavity 36 so that
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pressure stimulus 62 travels almost the same distance to both
MEMS pressure sensor 22 and control pressure sensor 34. It
1s this combination of features that yields pressure stimulus
62 as a change 1n pressure (delta pressure) in the form of a
pulse of clean dry air that 1s produced and subsequently
detected at MEMS pressure sensor 22 1n less than three
milliseconds.

Referring to FIGS. 3 and 7, FIG. 7 shows a simplified
partial side view of test chamber 32 mounted on an inner
wall 116 in an oven 118 using mounting hardware 78.
Tubular portion 79 (shown in dashed line format) of mount-
ing hardware 78 1s adapted to reside 1n an opening extending
through oven 118 to couple with cap member 76 located at
inner wall 116 of oven 118. Fastener 81 of mounting
hardware 1s thus located at an exterior wall 120 of oven 118
and 1s coupled to tubular portion 79 wvia, for example,
screws. Pressure line 34 extends through mounting hardware

78 so that pressure stimulus 62 can be provided to cavity 36
(FIG. 6) of test chamber 32. In addition, a wire harness 120
exiting from base 72 is routed through a slotted opening 122
in external tlange 90 of cap member 76. Wire harness 120
can subsequently be routed through tubular portion 79 of
mounting hardware 78 so that power can be provided to
MEMS pressure sensor 22 and control pressure sensor 34,
and so that data can be received from MEMS pressure sensor
22, control pressure sensor 34, and temperature sensor 38
(FIG. 1) for evaluation.

The configuration of FIG. 7 enables testing and charac-
terization of the response time of MEMS pressure sensor 22
over a range of air pressures and a various temperatures
utilizing oven 118. An example test configuration may call
for a test setup (e.g., system 20) to produce and record a
pressure signal from MEMS pressure sensor 22 faster than
2.5 milliseconds (400 Hz), over an absolute pressure range
of 44 kPa to 170 kPa (Kilo Pascal), with a change 1n
pressure, 1.e., a delta pressure (AP), range of =6
kPa=AP=+50 kPa. Further, such testing may be performed at
temperature ranges of —40° C. to 125° C.

Referring to FIGS. 1 and 8, FIG. 8 shows a flowchart of
a MEMS pressure sensor test process 124 that may be
performed to measure the response time of a MEMS pres-
sure sensor (e.g., MEMS pressure sensor 22) utilizing sys-
tem 20 (FIG. 1) given particular test criteria such as that set
forth 1n the previous paragraph. MEMS pressure sensor test
process 124 1s described 1n terms of response time measure-
ment. However, 1t should be understood that execution of
test process 124 further determines the functionality of a
pressure sensor. Therefore, process 124 may additionally be
executed 1n a laboratory configuration during an evaluation
phase or 1n a production environment during final testing to
provide response time measurement as well as functionality
testing. Test process 124 1s further described 1n connection
with testing a single MEMS pressure sensor. However,
system 20 may include multiple test chambers 34 that are
concurrently pressurized to enable concurrent testing of
multiple pressure sensors in, for example, a production
environment during final testing.

At a block 126, first and second air tanks 26, 28 are filled
and pressurized to different air pressures. In one example,
first air tank 26 may be pressurized to a baseline air pressure
and second air tank 28 may be pressurized to a second,
higher, air pressure that will be used to generate the pressure
stimulus pulse 62. At a block 128, MEMS pressure sensor 22
1s retained 1n test chamber 32. At an optional block 130, test
chamber 32 may be secured to oven 118 as described 1n
connection with FIG. 7.

10

15

20

25

30

35

40

45

50

55

60

65

8

At a block 132, a particular test program 60 may be
selected from a library of test protocols stored 1n connection
with processor 25. At a block 134, switch mechanism 30
may be triggered to first switch input 40 (as needed) to set
cavity 36 of test chamber 32 to a baseline pressure per the
selected test program 60. If an 1iteration of process 124 1s
being performed within oven 118, oven 118 may also be set
to a particular test temperature.

MEMS pressure sensor text process 124 continues with a
block 136 after a period of time 1 which the baseline
pressure detected at MEMS pressure sensor 22 has settled
and the oven (11 used) 1s at the particular test temperature. At
block 136, switch mechanism 30 1s triggered to second
switch input 46 to provide pressure stimulus 62 1n the form
ol a pulse to cavity 36 of test chamber 32. At a block 138,
pressure sensor output data (e.g., output signal 66, control
output signal 68, and current temperature 70) 1s recorded at,
for example, pressure controller 24 or at a separate analysis
processor. At a block 140, the recorded pressure sensor
output data 1s evaluated to characterize the response time of
pressure sensor 22 and/or to determine the functionality of
pressure sensor 22. Thereafter, a single iteration of test
process 124 ends. Of course, test process 124 may be
repeated multiple times on a single MEMS pressure sensor
at different delta pressures, different oven temperatures, and
so forth 1n accordance with a particular test protocol.

Retferring now to FIG. 9, FIG. 9 shows a chart 142
representing an example test result produced by utilizing
system 20 (FIG. 1) and executing MEMS pressure sensor
test process (FIG. 8). In this example, a baseline pressure
144 1s set to 97 kPa (1.e., the air pressure of {irst air tank 26)
and a final pressure 146 1s set to 110 kPa (1.e., the air
pressure of second air tank 28). Switch mechanism 30 1s
triggered to disable airtlow from first air tank 26 and to
ecnable airtlow from second air tank 28. This switching
action and the resulting change 1n pressure results 1n a pulse
or stepped response detected at MEMS pressure sensor 22.
A response time 148 1s the time it takes to reach a final
pressure 146 which can be prior to reaching a peak pressure
150. That 1s, peak pressure 150 1s simply an overshoot or
artifact from the burst of pressure stimulus 62 prior to
settling to final pressure 146. Accordingly, the difference
between baseline pressure 144 and final pressure 146 rep-
resents a delta or change 1n air pressure (AP) in accordance
with a particular test protocol. In this example, response
time 148 1s approximately 1.25 milliseconds. A greater
pressure difference between the baseline pressure and the
final pressure may be achieved while still falling with, for
example, a five millisecond window.

Thus, a system, a test chamber used within the system,
and a method of testing MEMS pressure sensors using the
system and test chamber are disclosed herein. An embodi-
ment of a test chamber for housing a MEMS pressure sensor
during testing of the MEMS pressure sensor comprises a
housing having a first end and a second end, a base having
a pedestal member and a first external flange encircling the
pedestal member, the pedestal member residing within the
housing with the first external flange abutting the first end of
the housing, the pedestal member being configured to retain
the MEMS pressure sensor. The test chamber further com-
prises a cap member having a body and a second external
flange encircling the body, the body residing within the
housing with the second external flange abutting the second
end of the housing, and the body having a domed inner
surface that defines a cavity configured to house the MEMS
pressure sensor when the MEMS pressure sensor 1s retained
on the pedestal.
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An embodiment of a system for testing a MEMS pressure
sensor comprises a pressure controller, a first pressure tank,
a second pressure tank, a switch mechanism, and a test
chamber. The switch mechanism has a first switch nput, a
second switch iput, and a switch output, the first switch
input being interconnected with the first pressure tank via a
first hose, the second switch iput being interconnected with
the second pressure tank via a second hose, wherein the
pressure controller directs activation of the switch mecha-
nism between the first and second switch mnputs to provide
a pressure stimulus from one of the first and second pressure
tanks. The test chamber includes a housing having a first end
and a second end, a base having a pedestal member and a
first external flange encircling the pedestal member, the
pedestal member residing within the housing with the first
external flange abutting the first end of the housing, the
pedestal member being configured to retain the MEMS
pressure sensor, and a cap member having a body and a
second external flange encircling the body, the body residing
within the housing with the second external flange abutting
the second end of the housing, the body having a domed
inner surface that defines a cavity configured to house the
MEMS pressure sensor when the MEMS pressure sensor 1s
retained on the pedestal, and the body having a port extend-
ing through the body and into the cavity, the port being
interconnected with the switch output via a pressure line for
provision of the pressure stimulus into the cavity.

An embodiment of a method of testing a MEMS pressure
sensor comprises retaining the MEMS pressure sensor 1n a
test chamber, the test chamber including a housing having a
first end and a second end, a base having a pedestal member
and a first external flange encircling the pedestal member,
the pedestal member residing within the housing with the
first external flange abutting the first end of the housing, and
a cap member having a body and a second external flange
encircling the body, the body residing within the housing
with the second external tflange abutting the second end of
the housing, and the body having a domed 1nner surface that
defines a cavity, the retaining operation comprising retaining
the MEMS pressure sensor on the pedestal member within
the cavity. The method further comprises setting the cavity
ol the test chamber to a baseline pressure, triggering a switch
mechanism to provide a pressure stimulus pulse to the cavity
of the test chamber, recording an output signal from the
MEMS pressure sensor, and evaluating the output signal to
characterize a response time of the MEMS pressure sensor.

The embodiments described herein enable response time
measurement for pressure sensors that are designed to
capture rapid changes 1n pressure, such as 1n side airbag
automotive applications. Further, the system and method
may be implemented in a laboratory configuration in the
evaluation phase of pressure sensor development and/or 1n a
production environment during final testing.

This disclosure 1s intended to explain how to fashion and
use various embodiments in accordance with the invention
rather than to limit the true, mtended, and fair scope and
spirit thereof. The foregoing description 1s not intended to be
exhaustive or to limit the invention to the precise form
disclosed. Modifications or variations are possible in light of
the above teachings. The embodiment(s) was chosen and
described to provide the best illustration of the principles of
the invention and its practical application, and to enable one
of ordinary skill 1n the art to utilize the invention 1n various
embodiments and with various modifications as are suited to
the particular use contemplated. All such modifications and
variations are within the scope of the invention as deter-
mined by the appended claims, as may be amended during

10

15

20

25

30

35

40

45

50

55

60

65

10

the pendency of this application for patent, and all equiva-
lents thereof, when interpreted in accordance with the
breadth to which they are fairly, legally, and equitably
entitled.

What 1s claimed 1s:

1. A test chamber for housing a microelectromechanical
systems (MEMS) pressure sensor during testing of said
MEMS pressure sensor comprising:

a housing having a first end and a second end;

a base having a pedestal member and a first external
flange encircling said pedestal member, said pedestal
member residing within said housing with said first
external flange abutting said first end of said housing,
said pedestal member being configured to retain said
MEMS pressure sensor; and

a cap member having a body and a second external flange
encircling said body, said body residing within said
housing with said second external flange abutting said
second end of said housing, and said body having a
domed iner surface extending inwardly into said body
to define a cavity, at least a portion of said domed inner
surface having a curved shape, the cavity being con-
figured to house said MEMS pressure sensor when said
MEMS pressure sensor 1s retained on said pedestal,
wherein said cap member comprises a port extending
through said body and 1nto said cavity, said port being
configured for attachment with a pressure line for
provision ol a pressure stimulus into said cavity, and
wherein said pressure stimulus comprises atr.

2. The test chamber of claim 1 further comprising:

a mounting fixture interposed between said pedestal mem-
ber of said base and said body of said cap;

an input/output (I/0) structure secured within said mount-
ing fixture proximate a first external surface of said
mounting fixture, said first external surface being in
contact with and coupled to said pedestal member;

a connection structure secured within said mounting fix-
ture proximate a second external surface of said mount-
ing fixture, said second external surface being 1n con-
tact with and coupled to said body of said cap member,
said connection structure being configured to retain
said MEMS pressure sensor within said cavity; and

clectrically conductive pin elements extending through
said mounting fixture and interconnecting said I/O
structure and said connection structure for providing
power to and sensor data from said MEMS pressure
SeNSor.

3. The test chamber of claim 1 further comprising a
control pressure sensor mounted within said pedestal mem-
ber of said base and positioned adjacent to and 1n the same
plane with a mounting location for said MEMS pressure
SEeNsor.

4. The test chamber of claim 3 wherein said cavity 1s sized
to house both of said MEMS pressure sensor and said
control pressure sensor.

5. The test chamber of claim 1 further comprising a
control temperature sensor mounted within said pedestal
member of said base and underlying a mounting location for
said MEMS pressure sensor.

6. The test chamber of claim 1 wherein said port 1s
centered at an apex of said domed inner surface.

7. A system for testing a microelectromechanical systems
(MEMS) pressure sensor comprising:

a Processor;

a first tank;

a second tank, said first and second tanks being pressur-

1zed to different air pressures;
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a switch mechanism having a first switch input, a second
switch mput, and a switch output, said first switch input
being interconnected with said first tank via a first hose,
said second switch mnput being interconnected with said
second tank via a second hose, wherein said processor
directs activation of said switch mechamism between
said first and second switch iputs to provide a pressure
stimulus from one of said first and second tanks; and

a test chamber comprising:

a housing having a first end and a second end;

a base having a pedestal member and a first external
flange encircling said pedestal member, said pedestal
member residing within said housing with said first
external flange abutting said first end of said hous-
ing, said pedestal member being configured to retain
satd MEMS pressure sensor; and

a cap member having a body and a second external
flange encircling said body, said body residing
within said housing with said second external flange
abutting said second end of said housing, said body
having a domed mnner surface extending inwardly
into said body to define a cavity, at least a portion of
sald domed 1nner surface having a curved shape, the
cavity being configured to house said MEMS pres-
sure sensor when said MEMS pressure sensor 1s
retained on said pedestal, and said body having a port
extending through said body and into said cavity,
said port being interconnected with said switch out-
put via a pressure line for provision of said pressure
stimulus 1nto said cavity, wherein said pressure
stimulus comprises atr.

8. The system of claim 7 wherein said switch mechanism
1s configured to switch between said first and second switch
inputs at a speed that 1s no greater than two milliseconds.

9. The system of claim 8 wherein said speed of said switch
mechanism combined with a volume of said cavity yields
said pressure stimulus 1n the form of a pulse capable of being
produced and subsequently detected by said MEMS pressure
sensor 1n less than ten milliseconds.

10. The system of claim 7 wherein said test chamber
turther comprises:

a mounting fixture mterposed between said pedestal mem-

ber of said base and said body of said cap;

an 1input/output (I/0O) structure secured within said mount-
ing fixture proximate a first external surface of said
mounting {ixture, said first external surface being 1n
contact with and coupled to said pedestal member;

a connection structure secured within said mounting fix-
ture proximate a second external surface of said mount-
ing fixture, said second external surface being 1n con-
tact with and coupled to said body of said cap member,
said connection structure being configured to retain
said MEMS pressure sensor within said cavity; and

clectrically conductive pin elements extending through

said mounting fixture and interconnecting said 1/O
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structure and said connection structure for providing
power to and sensor data from said MEMS pressure
SeNsor.

11. The system of claim 7 wherein said test chamber
turther comprises a control pressure sensor mounted within
said pedestal member of said base adjacent to and 1n the
same plane with a mounting location for said MEMS
pressure sensor.

12. The system of claim 11 wherein said port 1s centered
at an apex of said domed mner surface of said cap over said
MEMS pressure sensor and said control pressure sensor.

13. The system of claim 11 wherein said cavity of said test

chamber 1s sized to house both of said MEMS pressure
sensor and said control pressure sensor.

14. The system of claim 7 wherein said test chamber
further comprises a control temperature sensor mounted
within said pedestal member of said base and underlying a
mounting location for said MEMS pressure sensor.
15. Amethod of testing a microelectromechanical systems
(MEMS) pressure sensor comprising:
retaining said MEMS pressure sensor 1n a test chamber,
said test chamber including a housing having a first end
and a second end, a base having a pedestal member and
a first external flange encircling said pedestal member,
said pedestal member residing within said housing with
said first external flange abutting said first end of said
housing, and a cap member having a body and a second
external flange encircling said body, said body residing
within said housing with said second external flange
abutting said second end of said housing, and said body
having a domed inner surface extending mwardly 1nto
said body to define a cavity, at least a portion of said
domed mnner surface having a curved shape, wherein
said cap member comprises a port extending through
said body and ito said cavity, said port being config-
ured for attachment with a pressure line, said retaining
operation comprising retaining said MEMS pressure
sensor on said pedestal member within said cavity;

setting said cavity of said test chamber to a baseline
pressure;

triggering a switch mechanism to provide a pressure

stimulus pulse 1nto said cavity of said test chamber via
said port, wherein said pressure stimulus pulse com-
prises air;

recording an output signal from said MEMS pressure

sensor; and

evaluating said output signal to characterize a response

time of said MEMS pressure sensor.

16. The method of claim 15 wherein said triggering and
recording operations occur in less than 2.5 milliseconds.

17. The method of claim 15 wherein said setting, trigger-
ing, and recording operations are performed with said cavity
of said test chamber at a first temperature and said method
further comprises repeating said setting, triggering, and
recording operations at a second temperature that differs
from said first temperature.
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